INTRODUCTION
============

Sarpogrelate was developed as a 5-hydroxytryptamine (5-HT) 2A-receptor antagonist \[[@B1], [@B2]\] and is used for the treatment of peripheral arterial disease. Its metabolite, M-1, produced by hydrolysis, is also a potent 5-HT2A-receptor antagonist \[[@B3], [@B4]\]. While sarpogrelate has antiplatelet, antithrombotic, antimitogenic, and antiatherosclerotic properties \[[@B5]\], its therapeutic concentration range remains unclear. Sarpogrelate also inhibits platelet aggregation dose-dependently in patients with ischemic stroke \[[@B6]\], and both sarpogrelate and M-1 inhibit the 5-HT2A receptor. Thus, measurement of the sarpogrelate and M-1 plasma concentrations may facilitate evaluation of clinical efficacy of this agent in patients.

Sarpogrelate levels have been determined in human and rat plasma with liquid chromatography-tandem mass spectrometry (LC-MS/MS)-based methods \[[@B7],[@B8],[@B9]\], which have several disadvantages: chromatographic elution with ion-pairing buffer agents, time-consuming solid-phase extraction, and high plasma sample volume requirement, increasing the cost and complexity of the method. Moreover, simultaneous determination of sarpogrelate and M-1 in human plasma using LC-MS/MS has not been reported. Since the concentrations of M-1 are about 7-fold lower than those of sarpogrelate in human plasma, determination of sarpogrelate and M-1 is typically performed separately using different sample preparation methods and LC-MS/MS conditions \[[@B10]\].

This study aimed to develop and validate a novel LC-MS/MS method for clinical application in the investigation of pharmacokinetics of sarpogrelate and M-1.

METHODS
=======

1. Chemicals and reagents
-------------------------

Sarpogrelate hydrochloride (purity 98.9%), its active metabolite (M-1, purity 99.6%), and internal standard (IS, d3-sarpogrelate HCl, purity 98.1%) were purchased from TLC PharmaChem, Inc. (Ontario, Canada). Methanol, acetonitrile, and water were of HPLC grade (Burdick and Jackson; Muskegon, MI, USA). Analytical reagent grade formic acid was purchased from ProteoChem (Denver, CO, USA). All other chemicals were of analytical grade.

2. Preparation of stock and working solutions
---------------------------------------------

Stock solutions of sarpogrelate (1,000 µg/mL), M-1 (400 µg/mL), and IS (500 µg/mL) were separately prepared in methanol-water (50:50, v/v) and stored at -70℃. Aliquots of sarpogrelate and M-1 stock solutions were diluted and mixed with methanol-water (50:50, v/v) to prepare working solutions of 200 and 40 µg/mL, respectively. A working solution of the IS (250 ng/mL) was prepared by dilution in acetonitrile. All working solutions were stored at 4℃.

3. Preparation of calibration curve and quality control samples
---------------------------------------------------------------

A calibration curve sample at the highest concentration (upper limit of quantification, ULOQ) was prepared at 2,000 and 400 ng/mL for sarpogrelate and M-1, respectively, by spiking 10 µL of the working solution into 990 µL of blank human plasma. The ULOQ sample was diluted with blank plasma to yield calibration curve samples in the range of 10-2,000 ng/mL for sarpogrelate and 2-400 ng/mL for M-1. To prepare four quality control (QC) samples, i.e., lower limit of quantification (LLOQ), low, medium, and high QC samples (LQC, MQC, and HQC), at the respective concentration levels of 10, 30, 250, and 1,500 ng/mL for sarpogrelate and 2, 6, 50, and 300 ng/mL for M-1, working solution standards were independently prepared, and then spiked into blank plasma. The calibration and QC bulk samples were divided into aliquots in microcentrifuge tubes and stored at -70℃ until required for analysis.

4. Sample preparation
---------------------

Frozen samples were thawed at room temperature and then vortex-homogenized. Proteins were precipitated to extract sarpogrelate, M-1, and the IS from human plasma. IS working solution (200 µL) was added to 50 µL of plasma in an Eppendorf tube, which was then vortex-mixed for 1 min before centrifugation at 16,000 g for 3 min. The supernatant (50 µL) was diluted with 500 µL of 1.0% formic acid in a clean tube, vortex-mixed for 30 sec, and then transferred into an autosampler vial prior to LC-MS/MS analysis.

5. LC-MS/MS conditions
----------------------

An Agilent 1260 Infinity HPLC system (Agilent Technologies, Santa Clara, CA, USA) with a column oven capable of controlling temperature, a degasser, a binary pump, and CTC-PAL autosampler (Agilent Technologies) was used to inject 2.0 µL of prepared samples onto a reversed-phase analytical column (Kinetex C18, 50 mm×2.1 mm i.d., 2.6-µm particle size, Phenomenex, Torrance, CA, USA), which was maintained at 35℃. Samples were chromatographically separated by linear gradient elution with mobile phases of 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B) over a 4 min total run time: 0 min (3% B); 1.5 min (95% B); 2.5 min (95% B); 2.6 min (3% B), at a flow rate of 0.5 mL/min. The strong and weak solutions used to wash the autosampler were 90% isopropanol in water and 70% acetonitrile in water, respectively.

An Agilent 6490 triple-quadrupole mass spectrometer (Agilent Technologies), equipped with an iFunnel Technology source and controlled with MassHunter Workstation software (version B.04.01, Agilent Technologies), was used to analyze column effluents. The MS conditions for ionization and multiple-reaction monitoring (MRM) of analytes and the IS were optimized by injection of standard solutions of analytes and IS onto the LC-MS/MS. The conditions for MS in the positive electrospray ionization (ESI) mode were: 4,000 V of capillary voltage, 0 V of nozzle voltage, 50 psi of nebulizer gas, 14 L/min and 300℃ of drying gas, and 11 L/min and 400℃ of sheath gas. The MRM fragmentation transitions for data acquisition were *m/z* 430.0→58.0 for sarpogrelate, *m/z* 330.0→102.0 for M-1, and *m/z* 433.2→58.0 for IS at a fragmenter voltage of 380 V and collision energies of 25 (sarpogrelate and M-1) and 37 eV (IS), with a dwell-time of 100 msec for each transition.

6. Method validation
--------------------

We validated the developed method in accordance with the United States Food and Drug Administration guidelines, to confirm reliability and reproducibility \[[@B11]\]. To evaluate the specificity and selectivity of the method, double-blank plasma (free of analytes and IS), blank plasma spiked with IS, and blank plasma spiked with analytes and IS at an LLOQ concentration were prepared from six different batches of blank plasma. We compared the chromatograms between batches to investigate potential interference around the chromatographic retention times of sarpogrelate, M-1, and IS. The carry-over effect was evaluated by consecutive analysis of an LLOQ sample, ULOQ sample, and double-blank sample, in five replicates. The responses of analytes and IS in the double-blank sample should be \<20% and \<5%, respectively, in comparison with those in the LLOQ sample.

For the evaluation of linearity, eight calibration curve samples were prepared over a range of 10-2,000 ng/mL for sarpogrelate and 2-400 ng/mL for M-1 in plasma. The linearity of the calibration curve, which was established by plotting peak-area ratios of analyte to IS vs. the nominal concentrations of the analyte, was determined by using weighted (*1/χ^2^*) linear least-squares regression analysis by which the regression parameters of intercept, slope, and correlation coefficient were calculated. The LLOQ was determined as the lowest concentration of the analyte with a precision \<20% and an accuracy within ±20% on the calibration curve. The precision values were obtained by calculating percentage RSD, and the accuracy values were derived by calculating the percentage RE.

The intra-day precision and accuracy were evaluated in five replicates (n=5) of QC samples at the four concentration levels (LLOQ, LQC, MQC, and HQC) within a day. To evaluate the inter-day precision and accuracy, the run (within a day) was repeated on five consecutive days (total n=25). The acceptable limit of RSD and RE were \<15% and within ±15%, respectively, for three QC samples, and was \<20% and within±20%, respectively, for the LLOQ sample. The stabilities of sarpogrelate and M-1 in post-extracted (processed) samples were evaluated by analyzing extracted QC samples at four concentration levels after 27 hr of storage in an autosampler at 7.0℃.

7. Clinical study
-----------------

A clinical study for the pharmacokinetics of sarpogrelate and M-1 was performed in male volunteers, who were judged to be healthy by physical examination, vital signs, and routine laboratory tests. This protocol was approved by Institutional Review Board of Samsung Medical Center, Seoul, Korea, and all subjects gave written informed consent prior to participation in the study. Twenty subjects were enrolled, and nineteen completed the study.

Subjects were admitted to the Clinical Trial Center of the Samsung Medical Center at 10:00 pm the night before the clinical study and fasted for 10 hr. Subjects were administered 100 mg sarpogrelate in the form of immediate-release reference formulation (Yuhan Corp., Seoul, Korea) with 240 mL of water. Blood samples (8 mL each) were collected before and at 1, 2, 4, 6, and 10 hr after dosing and were frozen at -80℃ until analysis. The following pharmacokinetic parameters of sarpogrelate and M-1 were estimated: area under the concentration-time curve until the last measurable time point (AUC), maximum plasma concentration (C~max~), time required to reach C~max~ (t~max~), and metabolic ratio (M-1 AUC divided by sarpogrelate AUC). Non-compartmental analysis was performed by using Phoenix WinNonlin (version 6.2, Pharsight Corp., Mountain View, CA, USA).

RESULTS
=======

1. LC-MS/MS conditions
----------------------

Chromatographic conditions for obtaining analyte and IS peaks with high intensities, good shape, and stable responses were developed. We applied conventional reversed-phase liquid chromatography on a C18 column, on which the analytes and IS were retained and separated well owing to its relatively non-polar properties. Several C18 columns were tested by using diverse mobile phase conditions, i.e., methanol and acetonitrile in water with acidic and ammonium buffers. Compared to fully porous-type stationary phase columns, we chose a core-shell-type stationary phase column (Phenomenex Kinetex C18) for liquid chromatography of sarpogrelate, M-1, and the IS, because of its faster elution, higher sensitivity, and better reproducibility in retention, peak shapes, and responses of the analytes and IS, without interference from endogenous substances derived from plasma matrices.

Various mobile phase modifiers, such as formic acid and ammonium buffers, under gradient elution of acetonitrile in water were investigated, for optimization of mobile phase conditions. Addition of 0.1% formic acid, as an acidic modifier, to the mobile phase, rather than ammonium formate buffer, yielded an excellent response in positive ion electro-spray. A higher percentage (1.0%) of formic acid in the diluting solution, added to the extracted sample before LC-MS/MS analysis, improved separation of the analytes from unknown interfering substances, and minimized peak tailing ([Fig. 1](#F1){ref-type="fig"}).

Finally, a reproducible chromatograph of sarpogrelate and M-1 with high responses and good peak shapes was achieved by introduction of samples prepared in acidic diluents onto a core-shell-type and reversed stationary phase column (Phenomenex Kinetex C18) with a gradient elution of water-formic acid (99.9:0.1, v/v) and acetonitrile-formic acid (99.9:0.1, v/v) as mobile phases. This allowed fast separation of analytes and IS from interfering endogenous plasma substances, with sufficient robustness for high-throughput analysis of real samples.

We optimized the MS conditions (capillary voltage, nozzle voltage, nebulizer gas, drying gas, sheath gas, fragmenter voltage, collision energy) for electro-spray ionization and MRM of analytes and the IS. The positive electro-spray ionization mode was selected, since it was more sensitive than the negative mode. In the positive ion full scan, protonated molecule ions \[M+H\]^+^ were abundantly generated at *m/z* 430.0 for sarpogrelate, *m/z* 330.0 for M-1, and *m/z* 433.2 for the IS. More fragments were generated with increasing collision energy. The prominent stable product ion for sarpogrelate and M-1 was obtained at *m/z* 58.0 and 102.0, respectively, with a collision energy of 14 eV, and that of the IS at *m/z* 58.0, with a collision energy of 14 eV.

2. Method validation
--------------------

[Fig. 1A, B, and C](#F1){ref-type="fig"} show the representative chromatograms of double-blank plasma, blank plasma spiked with the IS, and blank plasma spiked with analytes and the IS at the LLOQ concentration. The retention times of sarpogrelate, M-1, and IS were 1.47, 1.45, and 1.47 min, respectively. No obvious interference was found at these retention times in double-blank plasma samples from six different individuals. The responses of the analytes and IS in LLOQ samples were not affected considerably, demonstrating the chromatographic separation from endogenous substances in blank plasma. When blank plasma spiked with sarpogrelate was analyzed to investigate potentially chromatographic interference with M-1 and the IS (d3-sarpogrelate), no interfering peaks were observed (data not shown).

The precision (RSD) and accuracy (RE) of sarpogrelate in the LLOQ sample that was injected after consecutive injections of the highest concentration of calibration sample and double-blank sample (a cleaner) during the method validation were 5.2 and 10.6% (n=4), respectively. Likewise, the precision and accuracy of M-1 were 3.7 and 5.9% (n=4), respectively. This demonstrated that the quantification of sarpogrelate and M-1 was not influenced by carry-over throughout the analysis.

Each calibration curve exhibited good linearity, with correlation coefficients (r2) above 0.99, and met the acceptance criteria, because each back-calculated standard concentration from a calibration equation was within ±15% of the nominal value (results not shown). As indicated in [Supplemental Data Table S1](#S1){ref-type="supplementary-material"}, the accuracy and precision of the mean concentrations of sarpogrelate in calibration samples in the range of 10-2,000 ng/mL exhibited RE of -3.01 to 2.33% and RSD within 3.92%. Moreover, the precision and accuracy of M-1 in the range of 2-400 ng/mL exhibited RSD \<3.94% and RE values of -2.19 to 1.67%, respectively. The correlation coefficient was precise, with RE of 0.009 and 0.027% for sarpogrelate and M-1, respectively. The precision of the curve slopes were and 6.9 and 17.7% for sarpogrelate and M-1, respectively, on three consecutive days. Therefore, the calibration curves applied during method validation demonstrated reliable linearity and reproducibility over the standard concentrations across the calibration range. The LLOQ was determined as 10 ng/mL for sarpogrelate and 2 ng/mL for M-1, because the intra- and inter-day precision and accuracy of the calculated concentration did not exceed acceptable limits, viz., 20% and±20%, respectively.

The intra- and inter-day precision and accuracy of the method were determined by analyzing four QC samples ranging between 10 and 1,500 ng/mL for sarpogrelate and 2 and 300 ng/mL for M-1, in three replicates, along with one calibration curve on each of three runs ([Table 1](#T1){ref-type="table"}). The precision of sarpogrelate and M-1 were \<8.56 and \<5.56%, respectively. The accuracy of sarpogrelate and M-1 ranged from -4.09 to 12.43% and from -2.72 to 3.83%, respectively. Thus, the method was accurate and precise owing to the RSD and RE values falling within the acceptance criteria.

The stabilities of sarpogrelate and M-1 in post-extracted (processed) samples are summarized in [Table 2](#T2){ref-type="table"}. Since the precision and accuracy of analyte concentration in plasma were \< 6.50% and between -2.51 and 4.00%, respectively, sarpogrelate and M-1 in plasma samples were stable, without any noticeable degradation during storage and handling of samples under the conditions prior to LC-MS/MS analysis ([Table 2](#T2){ref-type="table"}).

3. Application of the method to real sample analysis
----------------------------------------------------

The representative chromatograms of real samples are shown in [Fig. 1D](#F1){ref-type="fig"}. No chromatographic interference caused by endogenous substances in real samples, similar to those of spiked samples, was found at the retention times of sarpogrelate, M-1, and the IS. We prepared and analyzed two sets of three QC samples (LQC, MQC, and HQC), between which real samples were analyzed in each batch run, to assess the performance of the method. The accuracy of the analyte concentrations in the QC samples was evaluated to determine the integrity and validity of the real sample analysis data: no concentration exceeded ±15% in comparison with the nominal samples (results not shown). We also evaluated the reproducibility of calibration and QC samples throughout the analysis of real samples. As indicated in [Supplemental Data Table S2](#S2){ref-type="supplementary-material"}, the precision and accuracy of sarpogrelate concentrations in calibration and QC samples exhibited RSD \<7.26% and RE values of -3.13 to 2.10%, respectively, and those of M-1 exhibited RSD \<7.81% and RE values of -4.67 to 2.61%, respectively. The calibration curves applied to real sample analyses demonstrated good linearity and precision with mean correlation coefficients of 0.9981 (sarpogrelate) and 0.9976 (M-1) and RSD of 0.06% (sarpogrelate) and 0.13% (M-1) (n=8). The response ratio of sarpogrelate and M-1 to the IS over all calibration curves was reproducible, with the precision value of curve slopes of 9.35 and 10.24% of the RSD, respectively (n=8). The consistency in peak areas of the IS over the complete analyses of all samples, including calibration, QC, and real plasma samples, was assessed with a precision value of 21.7% (n=375).

4. Clinical study
-----------------

Sarpogrelate demonstrated fast absorption (median t~max~ approximately 1 hr), and plasma levels of sarpogrelate were below the LLOQ within 6 hr after oral administration. Moreover, sarpogrelate was rapidly converted to M-1, which was measurable for 6 hr. The mean plasma concentration-time profile is shown in [Fig. 2](#F2){ref-type="fig"}. Considerable interindividual variability was observed for the pharmacokinetic parameters of sarpogrelate and M-1, with coefficients of variation \>50%. The pharmacokinetic parameters are summarized in [Table 3](#T3){ref-type="table"}. Under fasting conditions, the mean AUC of sarpogrelate determined here was comparable with those previously reported \[[@B9], [@B10]\]. The imprecise C~max~ and the t~max~ are most likely due to infrequent sampling.

DISCUSSION
==========

We developed a simple, reproducible, fast, and robust LC-MS/MS method that allows for simultaneous quantification of sarpogrelate and its metabolite, M-1, in human plasma for the first time. This novel method exhibited excellent performance in terms of simultaneous LC-MS/MS analysis and the simplicity of sample preparation. The method employed simple protein precipitation and fast liquid chromatographic separation of sarpogrelate and M-1, while protein precipitation, solid-phase extraction, and LC-MS/MS were previously used for sarpogrelate only \[[@B7],[@B8],[@B9]\] or used separately for sarpogrelate and M-1 \[[@B10]\].

Unlike previous methods using ammonium formate or ammonium acetate as an additive to the mobile phase \[[@B5],[@B6],[@B7],[@B8]\], the simple composition of our chromatographic mobile phase (water-acetonitrile-0.1% formic acid) reduced contamination of the mass spectrometer and elevated the sensitivity, by minimization of band broadening and tailing, by employing a column with a core-shell-type stationary phase. Additionally, only small aliquots (50 µL) of plasma were needed for quantification of the sarpogrelate and M-1 at an LLOQ of 10 ng/mL and 2 ng/mL, respecrespectively, with a plasma dilution factor of 55, and a 2-µL injection volume. Previous methods required 500 µL for determination of sarpogrelate \[[@B7]\] and 120 µL for M-1 \[[@B10]\], despite solid-phase extraction. Therefore, optimization of sensitive LC-MS/MS conditions allowed for simple and rapid sample preparation, during which the analytes and IS were extracted from human plasma by protein precipitation. Core-shell-type stationary phase chromatography, used for stable retention and high sensitivity, yielded acceptable validation results, without any significant interference from endogenous substances in plasma matrices.

A carry-over effect was present: the responses of analytes and the IS exceeded 20% and 5%, respectively, in a double-blank sample, which was analyzed immediately after the ULOQ sample, in comparison with those in the LLOQ sample. Optimization of washing conditions for strong and weak solutions used in the autosampler had limited effects on this phenomenon. However, injection of a processed double-blank plasma sample as a cleaner between sample injections was superior to the injection of organic solvent (methanol or acetonitrile) and eliminated the carry-over effect, because few responses of analytes and IS were observed in the double-blank sample that was analyzed after consecutive injections of the highest concentration of calibration sample and cleaner.

The developed method was successfully applied to high-throughput analysis of real samples and was then used in a clinical study of the pharmacokinetics of sarpogrelate and M-1.
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###### Precision and accuracy of sarpogrelate and its metabolite (M-1) in calibration curve samples (N=3)

![](alm-35-391-s001)

  Nominal concentration (ng/mL)   Mean±SD (ng/mL)   RSD (%)   RE (%)
  ------------------------------- ----------------- --------- --------
  Sarpogrelate                                                
   10                             9.9±0.02          0.24      -0.91
   20                             20.1±0.35         1.74      0.67
   50                             50.8±1.99         3.92      1.60
   100                            102.3±1.47        1.44      2.33
   200                            200.8±2.73        1.36      0.38
   500                            505.7±10.56       2.09      1.15
   1,000                          977.4±25.38       2.60      -2.26
   2,000                          1939.7±26.26      1.35      -3.01
  M-1                                                         
   2                              2.0±0.02          1.10      -1.04
   4                              4.0±0.12          2.86      0.83
   10                             10.1±0.26         2.62      1.00
   20                             20.3±0.70         3.45      1.67
   40                             39.6±0.10         0.25      -1.00
   100                            99.9±3.59         3.60      -0.10
   200                            200.4±7.89        3.94      0.22
   400                            391.2±10.41       2.66      -2.19

Abbreviations: RSD, relative standard deviation; RE, relative error.

###### Precision and accuracy of sarpogrelate and its metabolite (M-1) in calibration standard, LLOQ, and QC samples used for determination of real plasma samples

![](alm-35-391-s002)

  Nominal concentration (ng/mL)   Mean±SD (ng/mL)   RSD (%)                              RE (%)
  ------------------------------- ----------------- ------------------------------------ --------
  Sarpogrelate                                                                           
                                                    Calibration standard samples (N=8)   
   10                             10.1±0.13         1.26                                 1.14
   20                             19.4±0.55         2.85                                 -3.13
   50                             50.7±1.46         2.88                                 1.39
   100                            100.9±5.26        5.26                                 0.87
   200                            202.4±6.80        3.36                                 1.21
   500                            505.3±21.84       4.32                                 1.06
   1,000                          979.6±26.66       2.72                                 -2.04
   2,000                          1,990.1±55.17     2.77                                 -0.49
                                                    LLOQ and QC samples (N=14)           
   30                             29.1±2.12         7.26                                 -2.91
   250                            255.3±10.66       4.18                                 2.10
   1,500                          1,492.3±81.80     5.48                                 -0.51
  M-1                                                                                    
                                                    Calibration standard samples (N=8)   
   2                              2.0±0.07          3.45                                 -0.76
   4                              4.0±0.28          6.83                                 1.07
   10                             10.0±0.31         3.07                                 -0.11
   20                             20.5±0.64         3.09                                 2.61
   40                             40.0±1.43         3.59                                 -0.06
   100                            100.1±3.24        3.23                                 0.08
   200                            199.2±9.84        4.94                                 -0.42
   400                            390.3±7.65        1.96                                 -2.41
                                                    LLOQ and QC samples (N=14)           
   6                              5.7±0.45          7.81                                 -4.67
   50                             49.9±2.00         4.01                                 -0.26
   300                            295.9±13.86       4.69                                 -1.38

Abbreviations: RSD, relative standard deviation; RE, relative error; LLOQ, lower limit of quantification; QC, quality control.

![Representative multiple reaction monitoring chromatograms of sarpogrelate (left panel), its metabolite (M-1; middle panel), and internal standard (IS; right panel) in (A) double-blank plasma, (B) blank plasma spiked with IS, (C) blank plasma spiked with sarpogrelate and M-1 at lower limit of quantification (LLOQ; 10.0 and 2.0 ng/mL, respectively) and IS, and (D) real plasma sample spiked with IS.](alm-35-391-g001){#F1}

![Mean plasma concentrations of (A) sarpogrelate and (B) its metabolite (M-1) after a single oral administration of 100 mg sarpogrelate in 19 healthy male subjects. Bars represent standard errors.](alm-35-391-g002){#F2}

###### Intra-day and inter-day precision and accuracy of the method for determination of sarpogrelate and its metabolite (M-1) in human plasma (N=3 runs, five replicates per run)

![](alm-35-391-i001)

  Nominal concentration (ng/mL)   Intra-day (N=5)   Inter-day (N=15)                                 
  ------------------------------- ----------------- ------------------ ------- -------------- ------ -------
  Sarpogrelate                                                                                       
   10                             11.2±0.42         3.77               12.43   10.3±0.88      8.56   3.02
   30                             29.3±1.00         3.40               -2.33   29.9±1.23      4.10   -0.30
   250                            243.2±5.22        2.15               -2.72   250.8±8.13     3.24   0.34
   1,500                          1,438.7±16.75     1.16               -4.09   1,475.7±0.41   2.74   -1.62
  M-1                                                                                                
   2                              1.9±0.05          2.65               -2.72   2.1±0.12       5.56   3.83
   6                              6.0±0.14          2.33               -0.53   6.1±0.21       3.48   2.19
   50                             49.5±1.74         3.51               -0.90   50.9±1.87      3.66   1.86
   300                            296.0±5.04        1.70               -1.34   299.2±5.47     1.83   -0.26

Abbreviations: RSD, relative standard deviation; RE, relative error.

###### Stability of sarpogrelate and its metabolite (M-1) in plasma sample at 7℃ for 27 hr in an autosampler (N=5)

![](alm-35-391-i002)

  Nominal concentration (ng/mL)   Mean±SD (ng/mL)   RSD (%)   RE (%)
  ------------------------------- ----------------- --------- --------
  Sarpogrelate                                                
   10                             10.1±0.66         6.50      0.90
   30                             29.7±0.96         3.23      -0.95
   250                            257.7±6.42        2.49      3.07
   1,500                          1,473.3±37.39     2.54      -1.78
  M-1                                                         
   2                              2.1±0.12          5.70      4.00
   6                              6.1±0.17          2.82      0.92
   50                             51.2±1.58         3.09      2.37
   300                            292.5±7.20        2.46      -2.51

Abbreviations: RSD, relative standard deviation; RE, relative error.

###### Pharmacokinetic parameters of sarpogrelate and its metabolite (M-1) after a single oral administration of 100 mg sarpogrelate in 19 healthy male subjects

![](alm-35-391-i003)

  Parameters               Geometric mean (coefficient of variation \[%\])
  ------------------------ -------------------------------------------------
  Sarpogrelate             
   AUC (hr\*ng/mL)         567.5 (67.3)
   C~max~ (ng/mL)          429.8 (61.7)
   t~max~ (hr)             1.00 (0.95-4.00)^\*^
  M-1                      
   AUC~last~ (hr\*ng/mL)   20.0 (54.4)
   C~max~ (ng/mL)          7.78 (53.6)
   t~max~ (hr)             1.00 (0.95-4.00)^\*^
   Metabolic ratio         0.035 (52.4)

^\*^median (range).

Abbreviations: AUC, area under the concentration-time curve until the last measurable time point; C~max~, maximum plasma concentration; t~max~, time required to reach C~max~.

[^1]: ^\*^These authors contributed equally to this work.
